Abstract. We consider cell-centered nite di erence discretizations with local re nement for nonsymmetric boundary value problems. Preconditioners with mesh independent convergence properties for corresponding matrices are constructed. The method is illustrated with numerical experiments. We consider the following convection-di usion boundary value problem: nd a function u(x) which satis es the following di erential equation and boundary condition:
Introduction
This paper is devoted to construction of preconditioners of Bramble-Ewing-PasciakSchatz (BEPS) types 1] for solving nonsymmetric boundary value problems discretized by nite di erence schemes on cell-centered grids with local re nement. Approximation properties of cell-centered nite di erence schemes are investigated by Ewing, Lazarov and Vassilevski 3], Vassilevski, Petrova and Lazarov 9] for the symmetric problems, and by Lazarov, Mishev and Vassilevski 5] We consider the following convection-di usion boundary value problem: nd a function u(x) which satis es the following di erential equation and boundary condition:
where R and in order to obtain coercivity is su cient to hold (iii) (r:b(x)) 0 > 0 :
The function f(x) is given in and f(x) 2 L 2 ( ).
Description of the preconditioners
Suppose the domain is divided in two parts 1 We need also the s.p.d. coarse-grid matrixC, which is a approximation of matrix A derived from the nonre ned nite di erence scheme. We partitionC in the same manner as A into a three by three block structure on the nonre ne mesh! C = (1) ; C = A (1) ; i.e., the part arising from the approximation of the di usion term.
For We apply the technique proposed by Vassilevski 8] for the considered problem and prove the auxiliary result. Lemma 2.2. Let the assumptions ( 2) and ( 3) where (x) = sin 2 x 1 sin 2 x 2 ; a(x) = ( 1000; x i > (n c + 3)h c =2; 1; otherwise: Table 2 . Preconditioner withC =Ã (1) 
